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THE PROGRESS OF SCIENCE AS EXEMPLI¬ 
FIED IN THE ART OF WEIGHING AND 
MEASURING} 

'WO centuries ago the world was just beginning to awaken 
from an intellectual lethargy which had lasted a thousand 
years. During all that time the children had lived as their 
parents before them, the mechanical arts had been at a stand¬ 
still, and the dicta of Aristotle had been the highest authority 
in science. But now the night of medievalism was approaching 
its end, and the dawn of modern progress was at hand. Galileo 
had laid the foundation for accurate clocks by discovering the 
isochronism of the simple pendulum ; had proved that under the 
action of gravity light bodies fall as rapidly as heavy ones ; had 
invented the telescope, and with it discovered the spots on the 
sun, the mountains on the moon, the satellites of Jupiter, and 
the so-called triple character of Saturn ; and, after rendering 
himself immortal by his advocacy of the Copernican system, had ; 
gone to his grave aged, blind, and full of sorrows. His con¬ 
temporary, Kepler, had discovered the laws which, while history 
endures, will associate his name with the theory of planetary 
motion, and he also had passed away. The first Cassini was 
still a young man, his son was a little child, and his grandson 
and great-grandson, all of whom were destined to be directors , 
of the Paris Observatory, were yet unborn. The illustrious 
Huyghens, the discoverer of Saturn’s rings and the father of the : 
undulatory theory of light, was in the zenith of his powers. The j 
ingenious Hooke was a little younger ; and Newton, towering i 
above them all, had recently invented fluxions, and on April 28, ! 
1686, had presented his “Principia” to the Royal Society of ‘ 
London, and given the theory of gravitation to the world. I 
Bradley, who discovered nutation and the aberration of light; j 
Franklin, the statesman and philosopher, who first drew the j 
lightning from the clouds ; Doll on d, the inventor of the achro- \ 
matic telescope ; Euler, the mathematician who was destined to 
accomplish so much in perfecting algebra, the calculus, and the 
lunar theory ; Laplace, the author of the “Mecanique Celeste” ; 
Rum ford, who laid the foundation of the mechanical theory of 
heat ; Dalton, the author of the atomic theory, upon which all 
chemistry rests ; and Bessel, the greatest of modern astronomers 
—these and others almost as illustrious, whom we cannot even 
name to-night, were still in the womb of time. 

Pure science first felt the effects of the new intellectual life, 
and it was more than a century later before the arts yielded to 
its influence. Then came Hargreaves, the inventor of the 
spinning-jenny ; Arkwright, the inventor of the cotton-spinning 
frame; Watt, who gave us the condensing steam-engine; 
Jacquard, the inventor of the loom for weaving figured stuffs ; 
Murdock, the originator of gas lighting ; Evans, the inventor of 
the high-pressure steam-engine; Fulton, the father of steam 
navigation ; Trevithick, who ranks very near Watt and Evans 
in perfecting the steam-engine ; and Stephenson, the father of 
railroads. If now we add the names of those who have given us 
the telegraph, to wit: Gauss, the eminent physicist and the 
greatest mathematician of the present century ; Weber, Wheat¬ 
stone, and Henry—all famous physicists—and Morse, the 
inventor and engineer; we have before us the demi gods who 
have transformed the ancient into the modern world, given us 
machinery which has multiplied the productive power of the 
human race many-fold, annihilated time and space, and bestowed 

1 Annual Address of Dr. William Harkness, President of the Philosophical 
Society of Washington, delivered on December 10, 1887. 


upon toiling millions a degree of comfort and luxury which was 
unknown to kings and emperors of old. 

The discoveries and inventions of the last two centuries have 
so far exceeded all others within historic times tnat we are amply 
justified in calling this an age of phenomenal progress, and 
under the circumstances a little self-glorification is pardonable— 
perhaps even natural. The weekly and monthly records of 
scientific events which appear in so many newspapers and 
magazines are the immediate result of this, and the great 
increase of ephemeral scientific literature has led multitudes of 
educated people to believe that such records represent actual 
progress. The multiplication of bricks facilitates the building 
of houses, but does not necessarily improve architecture. Simi¬ 
larly, the multiplication of minor investigations improves our 
knowledge of details, but rarely affects the great philosophic 
theories upon which science is founded. The importance of 
human actions is measured by the degree in which they affect 
human thought, and the only way of permanently affecting 
scientific thought is by modifying or extending scientific theories. 
The men who do that are neither numerous nor do they require 
weekly paragraphs to record their deeds ; but their names are 
honoured by posterity. Even in this golden age the advance of 
science is not steady, but is made by spasmodic leaps and 
bounds. Mere scientific brick-making, commonly called pro¬ 
gress, is always the order of the day until some genius startles 
the world by a discovery affecting accepted theories. Then every 
effort is directed in the new line of thought until it is measurably 
worked out, and after that brick-making again resumes its place. 
While the progress in two centuries has been immense, the pro¬ 
gress in a week or a month is usually almost nil. Optimism has 
its uses in many departments of human affairs, but science should 
be cool and'dispassionate, having regard only for the truth. To 
make a trustworthy estimate of the actual state of the whole vast 
realm of science would be a task beyond the powers of any one 
man ; but perhaps it will not be amiss to spend the time at our 
disposal this evening in briefly reviewing the recent progress and 
present condition of the fundamental processes upon which the 
exact sciences rest —I allude to the methods of weighing and 
measuring. 

Physical science deals with many quantities, but they are all 
so related to each other that almost every one of them can be 
expressed in terms of three fundamental units. As several 
systems of such units are possible, it is important to select the 
most convenient, and the considerations which guide us in that 
respect are the following :— 

(1) The quantities selected should admit of very accurate 
comparison with other quantities of the same kind. 

(2) Such comparisons should be possible at all times, and in 
all places. 

(3) The processes necessary for making such comparisons- 
should be easy and direct. 

(4) The fundamental units should be such as to admit of easy 
definitions and simple dimensions for the various derived units. 

Scientific men have long agreed that these requirements are 
best fulfilled by adopting as the fundamental units a definite 
length, a definite mass, and a definite interval of time. Length 
is an element which can be very accurately measured and copied, 
but it must be defined by reference to some concrete material 
standard, as, for example, a bar of metal ; and as all substances 
expand and contract with changes of temperature, it is necessary 
to state the temperature at which the standard is correct. A 
standard of mass, consisting of a piece of platinum, quartz, or 
other material not easily affected by atmospheric influences, 
probably fulfils the conditions set forth above better than any 
other kind of magnitude. Its comparison with other bodies of 
approximately equal mass is effected by weighing, and as that is 
among the most exact of all laboratory operations, very accurate 
copies of the standard can be made, and they can be carried 
from place to place with little risk of injury. Time is also an. 
element which can be measured with extreme precision. The 
immediate instruments of measurement are clocks and chrono¬ 
meters, but their running is checked by astronomical observa¬ 
tions, and the ultimate standard is the rotation of the earth 
itself. 

It is important to note that the use of three fundamental units- 
is simply a matter of convenience and not a theoretical necessity,, 
for the unit of mass might be defined as that which at unit dis¬ 
tance would generate in a material point unit velocity in unit 
time; and thus we should have a perfectly general system of’ 
measurement based upon only two fundamental units—namely 
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those of space and time. Such a system is quite practicable in 
astronomy, but cannot yet be applied with accuracy to ordinary 
terrestrial purposes. According to the law of gravitation, 

Mass = Acceleration x (Distance) 2 ; 

and as in the case of the earth we can measure the quantities 
on the right-hand side of that equation with considerable 
accuracy, we can satisfactorily determine the earth’s mass in 
terms of the supposed unit. That suffices for the needs of 
astronomy, but for other scientific and commercial purposes a 
standard of mass having a magnitude of about a pound is neces¬ 
sary, and as two such masses can be compared with each other 
from five to ten thousand times more accurately than either of 
them can be determined in terms of the supposed unit, three 
fundamental units are preferable to two. 

The Chaldeans, Babylonians, Persians, Greeks, and Romans, 
all seem to have had systems of weights and measures based 
upon tolerably definite standards, but after the decline of the 
Roman Empire these standards seem to have been forgotten, 
and in the beginning of the sixteenth century the human body 
had so far become the standard of measurement that the units in 
common use—as, for. example, the foot, palm, &c.,—were 
frequently taken directly from it. The complete table of 
measures of length was then as follows: the breadth (not the 
length) of four barley-corns make a digit, or finger-breadth ; four 
digits make a palm (measured across the middle joints of the 
fingers) ; four palms are one foot; a foot and a half is a cubit; 
ten palms, or two feet and a half, are a step ; two steps, or five 
feet, are a pace ; ten feet are a perch ; one hundred and twenty- 
five paces are an Italic stadium ; eight stadia, or one thousand 
paces, are an Italic mile ; four Italic miles are a German mile ; 
and five Italic miles are a Swiss mile. It was then the practice 
to furnish standards of length in books by printing in them lines 
a foot or a palm long, according to the size of the page, and 
from these and other data it appears that the foot then used on 
the continent of Europe had a length of about ten English 
inches. 

In England, the first attempts at scientific accuracy in matters 
of measurement date from the beginning, of the seventeenth cen¬ 
tury, when John Greaves, who must be considered as the earliest 
of the scientific metrologists, directed attention to the differ¬ 
ence between the Roman and English foot by tolerably accurate 
determinations of the former, and also attempted the investiga¬ 
tion of the Roman weights. He was followed by Dr. Edward 
Bernard, who wrote a treatise on ancient weights and measures 
about 1685, and towards the end of the century the measure¬ 
ments of the length of a degree by Picard and J. D. Cassini 
awakened the attention of the French to the importance of 
rigorously exact standards. In considering the progress of 
science with respect to standards of length, we may safely confine 
our inquiries to the English yard and the French toise and 
metre, for during the last two hundred years they have been 
almost the only standards adopted in scientific operations. 

The English, measures of length have come down from the 
Saxons, but the oldest standards now existing are the Exchequer 
yards of Ilenry VII. (1490) and Elizabeth (1588). These are 
both brass-end measures, the former being an octagonal rod 
about half an inch in diameter, very coarsely made, and as rudely 
divided into inches on the right-hand end and into sixteenths of 
a yard on the left-hand end ; the latter a square rod with sides 
about half an inch wide, also divided into sixteenths of a yard, 
and provided with a brass bed having end-pieces between which 
the yard fits. One end of the bed is divided into inches and 
half-inches. Francis Baily, who saw this Elizabethan standard 
in 1836, speaks of it as “this curious instrument, of which it is 
impossible, at the present day, to speak too much in derision or 
contempt. A common kitchen poker, filed at the ends in the 
rudest manner by the most bungling workman, would make as 
good a standard. It has been broken asunder ; and the two pieces 
have been dove-tailed together : but so badly that the joint is neai'ly 
as loose as that of a pair of tongs. The date of this fracture I 
could not ascertain, it having occurred beyond the memory or 
knowledge of any of the officers at the Exchequer. And yet, 
till within the last ten years, to the disgrace of this country, 
copies of this measure have been circulated all over Europe and 
America, with a parchment document accompanying them 
(charged with a stamp that costs ioj., exclusive of official 
fees), certifying that they are true copies of the English 
standard. ” 

In the year 1742 certain members of the Royal Society of 


London, and of the Royal Academy of Sciences of Paris, pro¬ 
posed that, in order to facilitate a comparison of the scientific 
operations carried on in the two countries, accurate standards of 
the measures and weights of both should be prepared and pre¬ 
served in the archives of each of these Societies. This proposi¬ 
tion having been approved, Mr. George Graham, at the instance- 
of the Royal Society, had two substantial brass rods made, 
upon which he laid off, with the greatest care, the length of 
3 English feet from the standard yard kept at the Tower of 
London. r \ hese two rods, together with a set of troy weights, 
were then sent over to the Paris Academy, which body, in like 
manner, had the measure of a French half-toise set off upon the 
rods, and keeping one, as previously agreed, returned the other, 
together with a standard weight of two marcs, to the Royal 
Society. In 1835, Baily declared this copy of the half-toise to 
be of little value because the original ioise-etalon was of iron, 
and the standard temperature in E'rance differed from that in- 
England. In his opinion the French should have sent over an 
iron half-toise in exchange for the English brass yard; but this- 
criticism loses much of its force when it is remembered that in 
1742 neither England nor France had fixed upon a temperature 
at which their standards were to be regarded as of the true 
length. On the return of the rod from Paris, Mr. Graham 
caused Jonathan Sisson to divide the English yard and the 
French half-toise each into three equal parts, after which the 
rod was deposited in the archives of the Royal Society, where it 
still remains. Objection having been made that the original and 
legal standard yard of England was not the one a! the Tower, 
but the Elizabethan standard at the Exchequer, the Royal 
Society requested Mr. Graham to compare his newly-made scale 
with the latter standard, and on E'riday, April 22, 1743, he did 
so in the presence of a Committee of seven members of the Royal 
Society. In the following week the same gentlemen compared 
the Royal Society’s scale with the standards at Guildhall and 
the Tower, and also with the standard of the CLckmakers’' 
Company. These comparisons having shown that the copy of 
the Tower yard upon the Royal Society’s scale was about o‘oo75 
of an inch longer than the standard at the Exchequer, Mr. 
Graham inscribed upon the Royal Society’s scale a copy of the 
latter standard also, marking it with the letters Exch., to dis¬ 
tinguish it from the former, which was marked E. (English), and 
from the half-toise which was marked F. (French). 

In the year 1758 the House of Commons appointed a Com¬ 
mittee to inquire into the original standards of weights and 
measures of England ; and, under instructions from that Com¬ 
mittee, the celebrated instrument-maker, John Bird, prepared 
two brass rods, respecting which the Committee speak as follows 
in their Report: “ And having those rods, together with that of 
the Royal Societ)*, laid in the same place, at the receipt of the 
Exchequer, all night with the standards of length kept there, to 
prevent the variation which the difference of air might make 
upon them, they the next morning compared them all, and, by 
the means of beam compasses brought by Mr. Bird, found them 
to agree as near as it was possible.” One of these rods was 
arranged as a matrix for testing end-measures, and the other was 
a line measure which the Committee recommended should be 
made the legal standard of England, and which has since been 
known as Bird’s standard of 1758. Respecting the statement 
that after lying together all night the rods were all found to 
agree as near as it was possible, Baily says : “ This is somewhat 
remarkable, and requires further explanation, which unfortunately 
cannot now be accurately obtained. For it is notorious that the 
measure of the yard of the Royal Society’s scale differs very con¬ 
siderably from the standard yard at the Exchequer. . . . Owing 
to this singular confusion of the lengths of the measures, which* 
does not appear to have been unravelled by any subsequent 
Committee, it has happened that the Imperial standard yard 
. . . has been assumed nearly 1 -p 140 of an inch longer than 
the ancient measure of the kingdom.” There is little difficulty 
in surmising what Bird did. The Exchequer standard consisted 
of a rod and its matrix. The Royal Society’s Committee 
assumed the rod to be the true standard of 36 inches, and upon 
that assumption Graham’s measurements gave for the length of 
the matrix 36 0102 inches, and for the length of the Royal 
Society’s yard 36*0075 inches. The Parliamentary Committee 
of 1758 probably assumed the standard to consist of the rod and 
matrix together, which seems the better view ; and by laying the 
rod in its matrix, and measuring to the joint between them, Bird 
would have got a length of about 36*0051 inches. The mean 
between that and 36*0075 would be 36*0063, which differs very 
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little from the length of Bird’s standard resalting fro n Sir George 
Shuckburgh’s measurements. Thus the Committee’s statement 
is justified, and there has been no falsification of the ancient 
standards. 

On December I, 1758, Parliament created another Committee 
on Weights and Measures, which, in April 1759, repeated the 
recommendation that Bird’s standard of 1758 should be legalized, 
and further recommended that a copy of it should be made and 
deposited in some public office, to be used only on special occa¬ 
sions. The copy was made by Bird in 1760, but, owing to cir¬ 
cumstances entirely unconnected with the subject, no legislation 
followed for sixty-four years. 

The Royal Commission appointed during the reign of George 
III. to consider the subject of weights and measures, made its 
first Report on June 24, 1819, and therein recommended the 
adoption of the standard of length which had been used by 
General Roy in measuring the base on Hounslow Heath ; but in 
a second Report, made July 13, 1820, they wrote :—“ We . . . 
have examined, since our last Report, the relation of the best 
authenticated standards of length at present in existence, to the 
instruments employed for measuring the base on Hounslow 
Heath, and in the late trigonometrical operations ; but we have 
very unexpectedly discovered that an error has been committed 
in the construction of some of these instruments. We are there¬ 
fore obliged to recur to the originals which they were intended 
to represent, and we have found reason to prefer the Parlia¬ 
mentary standard executed by Bird in 1760, which we had not 
before received, both as being laid down in the most accurate 
manner, and as the best agreeing with the most extensive com¬ 
parisons which have been hitherto executed by various observers, 
and circulated through Europe; and in particular with the scale 
employed by the late Sir George Shuck burgh. ” 

Accordingly, when in 1824 Parliament at length took action, 
Bird’s standard of 1760 was adopted instead of that of 1758. 
The former being a copy of a copy, its selection as a national 
standard of length seems so singular that the circumstances 
which brought about that result should scarcely be passed over 
in silence. Bird had a very accurate brass scale 90 inches long, 
which he used in all his dividing operations, whether upon 
circles or straight lines, and which Dr. Maskelyne said was 0001 
of an inch shorter on 3 feet than Graham’s Royal Society 
yard E. In the year 1792, or 1793, the celebrated Edwaid 
Trou gilt on made for himself a 5-foot scale, which conformed to 
Bird’s, and which he afterwards used in laying down the divi¬ 
sions of the various instrume its that passed through his hands. 
This was the original of all the standard scales he ever made, 
and at the beginning of the present century he believed these 
copies, which wete made by the aid of micrometer microscopes, 
to be so exact that no variations could possibly be detected in 
them, either from the original or from each other. Among the 
earliest of the scales so made by Trough ton was the one u-ed by 
Sir George Shuekburgh in 1796-98 in his important scientific 
■operations for the improvement of the standards. Subsequently, 
the length of the metre was determined by comparison with this 
scale and with the supposed facsimile of it made by Troughton 
for Prof. Pictet, of Geneva ; and thus it happened that on the 
continent of Europe all measures were converted into English 
units by a reference to Sir George Shuckburgh’s scale. The 
Royal Commission of 1819 believed Bird’s standard of 1760 to 
be identical with Shuckburgh’s scale, and they legalized it rather 
than the standard of 1758, in order to avoid disturbing the value 
■of the English yard, which was then generally accepted for 
scientific purposes. 

There are yet four other scales of importance in the history of 
English standards—namely, the brass 5-foot scale made for Sir 
George Shuekburgh by Troughton in 1796; two iron standard 
yards, marked ia and 2A, made for the English- Ordnance 
Survey Department by Messrs. Troughton and Simms in 1826- 
27 ; and the Royal Society’s standard yard, constructed by Mr. 
George Dollond, under the direction of Capt. Henry Kater, in 
*831. 

Bearing in mind the preceding history, the genesis of the 
present English standard yard , may be thus summarized. In 
1742, Graham transferred to a bar made for the Royal Society a 
length which he intended should be that of the Tower yard, but 
which was.really intermediate between the Exchequer standard 
yard of Elizabeth and its matrix. That length he marked with 
the letter E, and, although destitute of legal authority, it was 
immediately accepted as the scientific standard, and was copied 
by the famous instrument-makers of the time with all the 


accuracy then attainable. Thus it is in fact the prototype to 
which all the accurate scales made in England between 1742 and 
1850 can be traced. Bird’s standard of 1758 was compared with 
the Exchequer standard and with the Royal Society’s yard E., 
and was of a length between the two. Bird’s standard of 1760, 
legalized as the Imperial standard, in June 1824, was copied 
from his standard of 1758. After becoming the Imperial 
standard, Bird’s standard of 1760 was compared with Sir 
George Shuckburgh’s scale by Capt. Kater, in 1830, and by Mr. 
Francis Baily, in 1834; with the Ordnance yards ia and 2A, in 
1834, by Lieut. Murphy, R.E., Lieut. Johnson, R.N., and 
j Messrs. F. Baily and Donkin ; and with Kater’s Royal Society 
! yard by Capt. Kater, in 1831. On October 16, 1834, the Im- 
j perial standard (Bird’s standard of 1760) was destroyed by the 
| burning of the Houses of Parliament, in which it was lodged ; 
j and very soon thereafter the Lords of the Treasury took measures 
j to recover its length. Preliminary inquiries were begun on 
I May 11, 1838-; and on June 20, 1843, they resulted in the 
; appointment of a Commission to superintend the construction of 
new Parliamentary standards of length and weight, among whose 
! members the Astronomer-Royal (now Sir George B. Airy), 
i Messrs. F. Baily, R. Sheepshanks, and Prof. W. H. Miller, 
j were prominent. The laborious investigations and experiments 
: carried out by that Commission cannot be described here, but it 
will suffice to say that for determining the true length of the new 
| standard Mr. Sheepshanks employed a provisional yard, marked 
upon a new brass bar designated “ Brass 2,” which he compared 
as accurately as possible with Sir George Shuckburgh’s scale, 
the two Ordnance yards, and Kater’s Royal Society yard. The 
results in terms of the lost Imperial standard were as follows :— 

Brass bar 2 = 36*000084 from comparison with Shuckburgh’s scale, 0-36 in. 

36*000280 ,, ,, ,, ,, 10-46 in. 

36*000303 from comparison with the Ordnance yard, ia. 

36000275 ,, „ „ „ 2 A. 

36*000229 from Capt. Kater's Royal Society yard. 

Mean ~ 36*000234 

Respecting this mean, Mr. Sheepshanks wrote :—“This should 
be pretty near the truth ; but I prefer 36 00025, if in such a 
matter such a difference be worth notice. I propose, therefore, 
in constructing the new standard to assume that—• 

Brass bar 2 = 36*00025 inches of lost Imperial standard at 62° F.” 

And upon that ha is the standard now in use was constructed. 

Turning now to the French standards of length, it is known 
that the ancient torn de macons of Paris was probably the toiseof 
Charlemagne (a.d. 742 to 814), or at least of some Emperor 
Charles, and that its eta Ion was situated in the courtyard of the 
old Chatelet, on the outside of one of the pillars of the building. 
It still existed in 1714, but entirely falsified by the bending of 
the upper part of the pillar. In 1668 the ancient toise df°the 
masons was reformed by shortening it five lines ; but whether 
this reformation was an arbitrary change, or merely a change to 
remedy the effects of long use and restore the italon to ^con- 
formity with some more carefully-preserved standard, is not 
quite clear. These old iHahns were iron bars having their two 
ends turned up at right angles so as to form talons , ai.d the 
standardizing of end measures was effected by fitting them 
between the talons. Being placed on the outside of some public 
building, they were exposed to wear from constant use, to rust, 
and even to intentional injury by malicious persons. Under such 
conditions every efalon would, sooner or later, become too long 
and require shortening. 

Respec 1 ing the ancient toise of the masons there are two con* 
tradictory stories. On December 1, 1714, La Hire showed to 
the French Academy what he characterized as “a very ancient 
instrument of mathematics, which has been made by one of our 
most accomplished workmen with very great care, where the 
foot is marked, and which has served to re-establish the toise of 
the Chatelet, as I have been informed by our old mathe¬ 
maticians.” Forty-four years later, on July 29, 1758, La 
Condamine stated to the Academy that “ We know only by tra¬ 
dition that to adjust the length of the new standard, the width of 
the arcade or interior gate of the grand pavilion, which served as 
an entrance to the old Louvre, on the side of the rue Fromenteau, 
was used. This opening, according to the plan, should have 
been 12 feet wide. Half of it was taken to fix the length of the 
new^toise, which thus became five lines shorter than the old 
one.” Of these two contradictory statements that of La Hire 
seems altogether most trustworthy, and the ordinary rules of 
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evidence indicate that it should be accepted to the exclusion of 
the other. 

In 1668 the eta!on of the new toise, since known as the toise- 
i'alon du Chate let, was fixed against the wall at the foot of the 
staircase of the grand Chatelet de Paris —by whom or at what 
season of the year is not known Strange as it now seems, this 
standard—very roughly made, exposed in a public place for use 
or abuse by everybody, liable to rust, and certain to be falsified 
by constant wear—was actually used for adjusting the toise of 
Picard, that of Cassini, the toise of Peru and of the North, that 
of La Caille, that of Mai ran ; in short, all the toises employed 
by the French in their geodetic operations during the seventeenth 
and eighteenth centuries. The lack of any other recognized 
standard made the use of this one imperative, but the French 
Academicians were well aware of its defects, and took precau¬ 
tions to guard against them. 

The first toise copied from the etalon of the Chatelet for 
scientific purposes was that used by Picard in his measurement 
of a degree of the meridian between Paris and Amiens. It was 
made about the year 1668, and would doubtless have become the 
scientific standard of France had ir not unfortunately disappeared 
before the degree measurements of the eighteenth century were 
begun. The second toise copied from the etalon of the Chatelet 
for scientific purposes was that used by Messrs. Godin.. Bouguer, 
and La Condamine for measuring the base of their arc of the 
meridian in Peru. This toise, since known as the toise du Per on, 
was made by the artist Langlois under the immediate .direction 
of Godin in 1 735 s a nd is still preserved at the Paris Observatory. 
It is a rectangular bar of polished wrought iron, having a breadth 
of I‘58 English inches and a thickness of 0*30 of an inch. All 
the other toises used by the Academy in the eighteenth century 
were compared with it, and, ultimately, it was made the legal 
standard of France by an order of Louis XV., dated May 16, 
1766. As the toise of Peru is the oldest authentic copy of the 
toise of the Chatelet, the effect of this order was simply to 
perpetuate the earliest known state of that ancient standard. 

The metric system originated from a motion made by Talley¬ 
rand in the National Assembly of France, in 1790, referring the 
question of the formation of an improved system of weights and 
measures, based upon a natural constant, to the French 
Academy of Sciences ; and the preliminary work was intrusted 
to five of the most eminent members of that Academy—namely, 
Lagrange, Laplace, Lord a, Monge, and Condorcet. On March 
19, I 79 L these gentlemen, together with Lalande, presented to 
the Academy a Report containing the c mplete scheme of the 
metric system. In pursuance of the recommendations in that 
Report the law of March 26, 1791, was enacted for the con¬ 
struction of the new system, and the Academy of Scie ices was 
charged with the direction of the necessary operations. Those 
requisite for the construction of a standard of length were : — 

(1) The determination of the difference of latitude between 
Dunkirk and Barcelona. 

(2) The remeasurement of the ancient bases which had served 
for the measurement of a degree at the latitude of Paris, and for 
making the map of France. 

(3) The verification by new observations of the series of 
triangles employed for measuring the meridian, and the pro¬ 
longation of them as far as Barcelona. 

This work was intrusted to Mechain and Delambre, who 
carried it on during the seven years from 1791 to 179S, notwith¬ 
standing many great difficulties and dangers. The unit of length 
adopted in their operations was the toise of Peru, and from the 
arc of 9 0 40' 45" actually measured, they inferred the length of 
an arc of the meridi m extending from the equator to the Pole 
to be 5,130,740 toises. As the metre was to be 1/10,000,000 
of that distance, its length was made 0*513074.0 of a toise, or, 
in the language of the Committee, 443‘296 lines of the toise of 
Peru at a temperature of 13 0 Reaumur C. or 6 ItI° F.). 

Before attempting to estimate how accurately the standards 
we have been considering were intercom pared, it will be w'ell 
to describe briefly the methods by which the comparisons were 
effected. In 1742, Graham used the only instruments then 
known for the purpose—mam el y, very exact beam compasses of 
various kinds, one having parallel jaws for taking the lengths of 
the standard rods, another with rounded ends for taking the 
lengths of the hollow beds, and still another having fine points 
in the usual manner. The jaws, or points, of all these instru¬ 
ments were movable by micrometer screws having heads divided 
to show the eight-hundredth part of an inch directly, and the 
tenth of that quantity by estimation ; but Mr. Graham did not 


consider that the measurements could be depended upon to a 
greater accuracy than 1/1600 of an inch. 

Tioughton is generally regarded as the author of the applica¬ 
tion of micrometer microscopes to the comparison of standards- 
of length, but the earliest record of their use for that purpose is- 
by Sir George Shuckburgh in his woik for the improvement of 
the standards of weight and measure in 1796-98. Since then 
their use has been general ; first, because they are more 
accurate than beam compasses, and, second, because they avoid, 
the injury to standard scales which necessarily results from 
placing the points of beam compasses upon their graduations. 
As the objective of the microscope forms a magnified image of 
the standard, upon which the micrometer wires are set by the 
aid of the eye-piece, it is evident that in order to reduce the 
effect of imperfections in the micrometer, the objective should 
have the largest practicable magnifying power. To show the 
progress in that direction, the optical constants of the micro¬ 
scopes, by means of which some cf the most important 
standards have been compared, are given in the accompanying 
table. 
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seems to be referred to a distance of 12 inches for distinct vision. J he powers- 
inclosed in p irentheses are estimated upon the assumption that the respective 
micrometer screws had 100 threads per inch. 

In the Memoirs of the French Academy nothing is said 
respecting the method adopted by the Academicians lor com¬ 
paring their various toises ; but in his “ Astronomy,’ 5 Lalande 
states that the comparisons were efleeted partly by beam com- 
passe-, and partly by superposing the toises upon each other 
and examining their ends, both by touch and with magnifying 
glasses, they being all end standards. For the definitive adjust¬ 
ment of the length of their metres, which were also end 
standards, the French Metric Commission used a lever comparator 
by Lenoir. 

In 1742, Graham used beam compasses, which he considered 
trustworthy to 0*00062 of an inch, in comparing standards of 
length ; but at that time the French Academicians made their 
comparisons of toises only to one-twentieth or one-thirtieth of a 
line, say o 00300 of an inch, and it was not until 1758 that La 
Condamine declared they should be compared to 001 of a line, 
or 0*00089 of an English inch, “if our senses, aided by the most 
perfect instruments, can attain to that.” Half a century later, 
ten times that accuracy was attained by the lever comparator of 
Lenoir, which was regarded as trustworthy to 0*000077 °f an 
inch (“ Base du Systeme Metrique,” t. iii. pp. 447-62). 

The heads of micrometer microscopes are usually divided into 
100 equal parts, and if we regard one of these parts as the least 
reading of a microscope, then in 1797 Sir George Shuckburgh’s 
microscopes read to 1/10,000 of an inch ; and the least reading 
of microscopes made since that date has varied from 1/20,000 
to 1/35,000 of an inch. A few investigators, among whom may 
be mentioned Prof. W. A. Rogers, of Colby University, have 
made the least reading of their micr oscopes as small as 1/90,000 
of an inch, but it is doubtful if there is any advantage in so 
doing. At the present day the errors committed in comparing 
standards arise, not from lack of power in the microscopes, but 
from the difficulty of determining sufficiently exactly the tempera¬ 
ture of the standard bars, and the effect of flexure upon the 
position of their graduations. In order to ascertain the length 
of a 3-foot standard with an error not exceeding 0*000020 of an* 
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inch, its temperature must be known to o°'o6 F. if it is of brass, 
or to o°*09 F. if it is of iron. To get thermometers that will 
indicate their own temperature to that degree of accuracy is by 
no means easy, but to determine the temperature of a bar from 
their readings is far more difficult. Again, we imagine the 
length of our standards to follow their temperature rigorously, 
but what proof is there that such is the case? If we determine 
the freezing point of an old thermometer, then raise it to the 
temperature of boiling water, and immediately thereafter again 
determine its freezing-point, we invariably find that the freezing- 
point has fallen a little ; and we explain this by saying that the 
glass has taken a set, from which it requires time to recover. 

Is it not probable that an effect similar in kind, although less in 
degree, occurs in all solids when their temperature is varying? 
When we look at the highly polished terminals of an end- 
standard, we are apt to regard them as mathematical surfaces, 
separated by an interval which is perfectly definite, and which 
could be measured with infinite precision if we only had the 
necessary instrumental appliances; but is that a correct view ? 
The atomic theory answers emphatically, No. According to it, 
all matter consists of atoms, or molecules, of a perfectly definite 
size, and with definite intervals between them ; but even if 
that is denied, the evidence is now overwhelming that matter 
is not homogeneous, but possesses a grain of some kind, regu¬ 
larly repeated at intervals which cannot be greater than 
1/2,000,000 nor less than 1/400,000,0000! an inch. Accordingly 
we must picture our standard bar as a conglomeration of grains 
of some kind or other, having magnitudes of the order specified, 
and all in ceaseless motion, the amplitude of which depends 
upon the temperature of the bar. To our mental vision the 
polished terminals are therefore like the surface of a pot of 
boiling water, and we recognize that there must be a limit to the 
accuracy with which the interval between them can be measured. 
As a basis for estimating how near this limit we have approached, 
it will suffice to say that for fifty years past it has been customary 
to state comparisons of standards of length to i/ico,ooo, of an 
inch. Nevertheless, most authorities agree that, although 
1/100,000 of an inch can be distinguished in the comparators, 
1/25,000 of an inch is about the limit of accuracy attainable in 
comparing standards. Possibly such a limit may be reached 
under the most favourable circumstances, but in the case of the 
yard and the metre, which are standard at different temperatures, 
the following values of the metre by observers of the highest 
repute render it doubtful if anything like that accuracy has yet 
been attained:— 

1818 Capt. Henry Kater . 39'37079 inches. 

1866 General A. R. Clarke ... 39*37043 ,, 

1883 Prof. Wm. A. Rogers ... 39*37027 ,, 

1885 General C. B. Comstock ... 39*36985 ,, 

The earliest standard of English weight of which we have any 
very definite knowledge is the Mint pound of the Tower of 
London. It wt ighed 5400 troy grains, and the coinage was 
regulated by it up to the year 1527, when it was abolished in 
favour of the troy pound of 5760 grains. Contemporaneously 
with the Tower pound there was also the merchant’s pound, 
whose exact weight is now involved in so much doubt that it is 
impossible to decide whether it consisted of 6750 or of 7200 
grains. The Tower pound and the troy pound were used for 
weighing only gold, silver, and drugs, while all other commodi¬ 
ties were weighed by the merchant's pound until the thirteenth 
or fourteenth century, and after that by the avoirdupois pound. 
It is not certainly known when the troy and avoirdupois pounds 
were introduced into England, and there is no evidence of any 
relation between them when they first became standards. The 
present avoirdupois pound can be clearly proved to be of similar 
weight to the standard avoirdupois pound of Edward III. 
(a.D. 1327-77)? a nd there is good reason for believing that no 
substantial change has occurred either in its weight or in that of 
the troy pound since their respective establishment as standards 
in England. 

The oldest standard weights now existing in the English 
archives date from the reign of Queen Elizabeth, and consist of 
a set of bell shaped avoirdupois weights of 56, 28, and 14 pounds, 
made in 1582, and 7, 4, 2, and I pounds made in 1588 ; a set of 
flat cii cular avoirdupois weights of 8, 4, 2, and 1 pounds, and 
8, 4, 2, 1, J, and T V ounces, made in 1588 ; and a set of 
cup-shaped troy weights, fitting one within the other, of 256, 
128, 64, 32, 16, 8, 4, 2, 1, J (hollow) and J (solid) ounces, 
also made in 1588. All these standards were constructed by 


order of Queen Elizabeth, under the direction of a jury composed 
of eighteen merchants and eleven goldsmiths of London, the 
avoirdupois weights being adjusted according to an ancient 
standard of 56 pounds, remaining in the Exchequer from the 
time of Edward III. ; and the troy weight being adjusted 
according to the ancient standard in Goldsmiths’ Hall. 

In view of the fact that the weight mentioned in all the old 
Acts of Parliament from the time of Edward I. (a.D. 1274-1307) 
is universally admitted to be troy weight, the Parliamentary 
Committee of 1758, appointed to inquire into the original 
standards of weights and measures in England, recommended 
that the troy pound should be made the unit or standard by 
which the avoirdupois and other weights should be regulated; 
and by their order three several troy pounds of soft gun-metal 
were very carefully adjusted under the direction of Mr. Joseph 
Harris, who was then Assay Master of the Mint. To ascertain 
the proper mass for these pounds, the Committee caused Messrs. 
Harris and Gregory, of the Mint, to perform the following 
operations in their presence :— 

(1) In the before-mentioned set of troy weights, made in 1588, 
which were then the Exchequer standard, each weight, from 
that of 4 ounces up to that of 256 ounces was compared suc¬ 
cessively with the sum of all the smaller weights ; and by a 
process for which no valid reason can be assigned, it was con¬ 
cluded from these weighings that the troy pound composed of the 
8 and 4 ounce weights was ii grains too light. 

(2) The aforesaid 8 and 4 ounce weights of the Exchequer 
were compared with five other authoritative troy pounds, four of 
which belonged to the Mint and one to Mr. Freeman, who, like 
his father before him, was scale-maker to the Mint, and from the 
mean of these weighings it appeared that the sum of the 
Exchequer 8 and 4 ounce weights was 1 grain too light. 

The Committee adopted the mean between the latter result 
and that which they bad deduced from the Exchequer weights 
alone, and accordingly Mr. Harris made each of his three troy 
pounds 1 \ grains heavier than the sum of the Exchequer 8 and 
4 ounce weights ; but sixty-six years were destined to elapse 
before Parliament took action respecting them. 

The Commissioners appointed in 1818 to establish a more 
uniform system of weights and measures repeated the recom¬ 
mendations of the Committee of 1758, and as the avoirdupois 
pound which had long been used, although not legalized by any 
Act of the Legislature, was very nearly 7000 troy grains, they 
recommended that 7000 such troy grains be declared to consti¬ 
tute a pound avoirdupois. These recommendations were embodied 
in the Act of Parliament of June 17, 1824, and thus one of the 
troy pounds made in 1758 became the Imperial standard. That 
standard, like Bird’s standard yard, was deposited in the Houses 
of Parliament, and was burned up with them in October 1834. 

The present English standard pound was made in 1844-46 
by Prof. W. H. Miller, who was one of the members of the 
Commission appointed in 1843 to superintend the construction 
of the new Parliamentary standards of length and weight 
destined to replace those destroyed in 1834. A number of 
weights had been very accurately compared with the lost 
standard ; namely, in 1824 or 1825, by Capt. Kater, 5 troy 
pounds of gun-metal, destined respectively for the use of the 
Plxchequer, the Royal Mint, and the cities of London, Edin¬ 
burgh, and Dublin ; and in 1829, by Capt. von Nehus, two troy 
pounds of brass and one of platinum, all in the custody of Prof.. 
Schumacher, and a platinum troy pound belonging to the Royal 
Society. The first step for recovering the mass of the lost 
standard was manifestly to compare these weights among them¬ 
selves, and upon so doing it was found that for the brass and 
gun-metal weights the discrepancies between the weighings 
made in 1824 and 1844 amounted to 0*0226 of a grain, while for 
the two platinum weights the discrepancies between the weigh¬ 
ings made in 1829 and 1845 was only 0*00019 of a grain. With 
a single exception, all the new brass or gun-metal weights had 
become heavier since their first comparison with the lost 
standard, the change being probably due to oxidation of their 
surfaces, and on that account the new standard was made to 
depend solely upon the two platinum weights. For convenience 
of reference these weights were designated respectively S p (Schu¬ 
macher’s platinum, and RS (Royal Society). A provisional 
platinum troy pound, T, intermediate in mass between S p and 
RS was next prepared, and from 286 comparisons made in 
January, February, July, and August, 1845, it was found that in 
a vacuum 

| T = Sp + 0*00105 g ra ^ n > 
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while from 122 comparisons made in January, July, and 
August, 1845, 

T — RS - 0*00429 grain. 

By combining these values with the results of the weighings 
made in 1824-29—namely, 

S/ -- U - 0*52956 grain, 

RS = U — 0*52441 grain, 


where U designates the lost standard—the comparisons with Sp 
gave 

T 1=: U - o 5 2851 grain, 
while those with RS gave 

T = U — 0*52870 grain. 

To the first of these expressions double weight was assigned, 
because the comparisons of T and U with S p were about twice 
as numerous as those with RS. The resulting mean was 
therefore 

T = U - 0-52857 grain = 5759 ' 47 I 43 grains, 

and from that value of T the new standard avoirdupois pound of 
7000 grains was constructed. 

From some time in the fifteenth century until the adoption of 
the metric system in August 1793, the system of weights em¬ 
ployed in France was the poids de marc , having for its ultimate 
standard the pile de Charlemagne , which was then kept in the 
Mint, and is now deposited in the Conservatoire des Arts et 
Metiers. The table of this weight was 

72 grains = 1 gros = 72 grains. 

8 gros == I once = 576 ,, 

8 onces = 1 marc = 4608 ,, 

2 marcs = I livre =9216 ,, 


The origin of the pile de Charlemagne is not certainly known, 
but it is thought to have been made by direction of King John 
(a. d. I35 0- 64), It consists of a set of brass cup*weights, fitting 
one within the other, and the whole weighing 50 marcs. The 
nominal and actual weights of the several pieces are as 
follows :— 


Boite de 20 marcs 
Piece de 14 ,, 

,, de 8 ,, 

„ de 4 ,, 

,, de 2 ,, 

,, de 1 ,, 

Marc divise 


Marcs. Grains. 
20 + 1*4 
14 + 4*5 
8 - o*4 

4 - 2*1 

2 - r *o 

1 - 0*7 

1 - 17 

50 ± o*o 


In determining the relation of the poids de marc to the metric 
weights, the Committee for the Construction of the Kilogramme 
regarded the entire pile de Charlemagne as a standard of 50 marcs, 
and considered the individual pieces as subject to the corrections 
stated. On that basis they found 


I kilogramme — 18,827*15 French grains 

and as a kilogramme is equal to 15,432*34874 English troy grains, 
we have 

1 livre, poids de marc -- 7554*22 troy grains. 

= 489*506 grammes. 

The metric standard of weight, called a kilogramme, was con¬ 
structed under the direction of the French Academy of Sciences 
simultaneously with the metre, the work being done principally 
by Lefevre-Gineau and Borda. It was intended that the kilo¬ 
gramme should have the same mass as a cubic decimetre of pure 
water at maximum density, and the experimental determination 
of that mass was made by finding the difference of weight in air 
and in water of a hollow brass cylinder whose exterior dimensions 
at a temperature of 17°*6 C. were : height = 2*437672 decimetres, 
diameter = 2*428368 decimetres, volume = II *2900054 cubic 
decimetres. The difference of weight in question was first 
measured in terms of certain bra^s weights, by the aid of which 
the platinum kilogramme of the Archives was subsequently con¬ 
structed, special care being taken to apply the corrections 
necessary to reduce all the weighings to what they would 
have been if made in a vacuum (“Base du Systeme Metrique,” 
t. iii. pp. 574 - 75 )- 

1 “ Base du Systeme Metrique/* t. iii p. 638. 


The best results hitherto obtained for the weight of a cubic 
decimetre of water, expressed in terms of the kilogramme of the 
Archives, are as follows 1 :— 


Date. 


1795 
1797 \ 

1821J 
1825 
1830 
1841 


These results show the extreme difficulty of determining the 
exact mass of a given volume of water. The discordance between 
the different observers amounts to more than one part in a 
thousand, while good weighings are exact to one part in eight or 
ten millions. Without doubt two weights can be compared at 
least a thousand times more accurately than either of them can 
be reproduced by weighing a specified volume of water, and for 
that reason the kilogramme, like the English pound, can now 
be regarded only as an arbitrary standard of which copies must 
be taken by direct comparison. As already stated, the kilo¬ 
gramme is equivalent to 15,432*34874 English troy grains, or 
about 2 pounds 3 ounces avoirdupois. 

In consequence of the circumstance that the mass of a body is 
not affected either by temperature or flexure, weighing is an 
easier process than measuring; but in order to obtain precise 
results many precautions are necessary. Imagine a balance with 
a block of wood tied to its right-hand pan and accurately 
counterpoised by lead weights in its left-hand pan. If, with 
things so arranged, the balance were immersed in water, the- 
equilibrium would be instantly destroyed, and to restore it all 
the weights would have to be removed from the left-hand pan, 
and some of them would have to be placed in the right-hand 
pan to overcome the buoyancy of the wood. The atmosphere 
behaves precisely as the water does, and although its effect is- 
minute enough to be neglected in ordinary business affairs, it 
must be taken into account when scientific accuracy is desired. 
To that end the weighing must either be made in a vacuum, or 
the difference of the buoyant effect of the air upon the substances 
in the two pans must be computed and allowed for. As very- 
few vacuum balances exist, the latter method is usually em¬ 
ployed. The data necessary for the computation are the latitude 
of the place where the weighing is made and its altitude above 
the sea-level; the weights, specific gravities, and coefficients of 
expansion of each of the substances in the two pans ; the 
temperature of the air, its barometric pressure, and the pressure 
both of the aqueous vapour and of the carbonic anhydride 
contained in it. 

Judging from the adjustment of the pile de Charlemagne , and the 
Exchequer troy weights of Queen Elizabeth, the accuracy attained 
in weighing gold and silver at the mints during the fourteenth, 
fifteenth, and sixteenth centuries must have been about 1 part 
in 10,000. The balance which Mr. Harris, of the London Mint* 
used in 1743 indicated one-eighth of a grain on a troy pound, or 
about one part in 50,000; while, according to Sir George Shuck- 
burgh, the balance used by Messrs. Harris and Bird in making 
their observations upon the Exchequer weights, apparently in 
1758 or 1759, turned with 1/230,000 part of its load. In 1798* 
Sir George Shuckburgh bad a balance sensitive enough to 
indicate o’oi of a grain when loaded with 16,000 grains, or 
about one part in i,6co,coo. The balance used by Fortin in 
1799, in adjusting the kilogramme of the Archives, was not 
quite so delicate, its sensitiveness being only the i,ooo,cooth 
part of its load ; but in 1844, for the adjustment of the present 
English .standard pound, Prof. Miller employed a balance whose 
index moved about 0*01 of an inch for a change of 0*002 of a 
grain in a load of 7000 grains. He read the index with a micro¬ 
scope, and found the probable error of a single comparison of 
two avoirdupois pounds to be 1/12,000,000 of either, or about 
0*00058 of a grain. At the present time it is claimed that two 

r This table has been deduced from the data given by Prof. Miller in 
Phil Trans., 1856, p. 760. 


Country. 


France 

England 

Sweden 

Austria 

Russia 


Observer. 


Lefevre-Gineau . 

Shuckburgh and Kater . 

Berzelius, Svanberg, and Akermann 

Stampfer . 

Kupffer. 


Weight of 
a cubic deci¬ 
metre of 
water at 

4°C. 


Grammes. 
1000'coo 
1000*480 
1000*296 

999-653 

999-989 


ioou'c.8’4 
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avoirdupois pounds can be compared with an error not exceeding 
0*0002 of a grain, and two kilogrammes with an error not 
exceeding 0*02 of a milligramme. 

The mean solar day is the natural unit of time for the human 
race, and it is universally adopted among all civilized nations. 
Our ultimate standard of time is therefore the rotation of the 
earth upon its axis, and from that rotation we determine the 
errors of our clocks and watches by astronomical observations. 
For many purposes it suffices to make these observations upon 
the sun, but when the utmost precision is desired it is better to 
make them on the stars. Until the close of the seventeenth 
century, quadrants were employed for that purpose, and so late 
as 1680, Flamsteed, the first English Astronomer-Royal, thought 
himself fortunate when he succeeded in constructing one which 
enabled him to be sure of his observed times within th:ee 
seconds. 1 About 1690, Roemer invented the transit instrument, 
which soon superseded the quadrant, and still remains the best 
appliance for determining time. Most of his observations were 
destroyed by a fire in 1728, but the few which have come down 
to us show that as early as 1706 he determined time with- an 
accuracy which has not yet been very greatly surpassed. 
Probably the corrections found in the least square adjustment of 
•extensive systems of longitude determinations afford the best 
criterion for estimating the accuracy of first-class modern time 
observations, and from them it appears that the error of such 
•observations may rise as high as i cro5 of a second. 

During the intervals between successive observations of the 
heavenly bodies we necessarily depend upon clocks and chrono¬ 
meters for our knowledge of the time, and very erroneous ideas 
are frequently entertained respecting the accuracy of their running. 
The subject-is one upon which it is difficult to obtain exact 
information, but there are few time-pieces which will run for a 
week without varying more than three-quarters of a second from 
their predicted error. As the number of seconds in a week is 
604,800, this am milts to saying that the best time-pieces can be 
trusted to measure a week within one part in 756,000. Never¬ 
theless, clocks and chronometers are but adjuncts to our chief 
time-piece, which is the earth itself, and upon the constancy of 
its rotation depends the preservation of our present unit of time. 
Early in this century Laplace and Poisson were believed to have 
proved that the length of the sidereal day had not changed by so 
much as the 100th part of a second during the last 2500 years, 
but later investigations show that they were mistaken, and, so 
far as we can now see, the friction produced by the tides in the 
ocean must be steadily reducing the velocity with which the 
earth rotates about its axis. The change is too slow to become 
sensible within the lifetime of a human being, but its ultimate 
consequences will be most momentous. 

Ages ago it was remarked that all things run in cycles, and 
there is enough truth in the saying to make it as applicable now 
as on the day it was uttered. The Babylonian or Chaldean 
system of weights and measures seems to be the original from 
which the Egyptian system was derived, and is probably the 
most ancient of which we have any knowledge. Its unit of 
length was the cubit, of which there were two varieties—the 
natural and the royal. The foot was two-thirds of the natural 
cubit. Respecting the earliest Chaldean and Egyptian system 
of weights, no very satisfactory information exists, but the best 
authorities agree that the weight of water contained in the 
measure of a cubic foot constituted the talent, or larger unit of 
weight, and that the sixtieth or fiftieth parts of the talent con¬ 
stituted, respectively, the Chaldean and Egyptian values of the 
mina, or lesser unit of commercial weight. Doubtless these 
weights varied considerably at different times and places, just as 
the modern pound has varied, but the relations stated are 
believed to have been the original ones. The ancient Chaldeans 
used not only the decimal system of notation, which is evidently 
the primitive one, but also a duodecimal system (as shown by 
the division of the year into twelve months, the equinoctial day 
and night each into twelve hours, the zodiac into twelve signs, 
See .), and a sexagesimal system (by which the hour was divided 
into sixty minutes, the signs of the zodiac into thirty parts or 
degrees, and the circle into 360 degrees, with further sexagesimal 
subdivisions). The duodecimal and sexagesimal systems seem to 
have originated with the Chaldean astronomers, who, for some 
reason which is not now evident, preferred them to the decimal 
system, and by the weight of their scientific authority impressed 
them upon their system of weights and measures. No w observe 

1 Account of the "Rev. John Flamsteed. By Francis Daily. Pp. 45-9 
<London, 1835, 4to.) 


how closely the scientific thought of to-day repeats the scientific 
thought of four thousand years ago. These old Chaldeans took 
from the human body what they regarded as a suitable unit of 
length, and for their unit of mass they adopted a cube of water 
bearing simple relations to their unit of length. Four thousand 
years later, when these simple relations had been forgotten and 
impaired, some of the most eminent men of science of the last 
century again undertook the task of constructing a system of 
weights and measures. With them the duodecimal and sexa¬ 
gesimal systems were out of favour, while the decimal system 
was highly fashionable, and for that reason they subdivided their 
units decimally, instead of duodecimally, sexagesimally, or by 
powers of two ; but they reverted to the old Chaldean device for 
obtaining simple relations between their units of length and mass, 
and to that fact alone the French metric system owes its survival. 
Everyone now knows that the metre is not the 10,000,oooth 
part of a quadrant of the earth’s meridian ; and in mathematical 
physics, where the numbers are all so complicated that, they can 
only be dealt with by the aid of logarithms, and the constant 7r, 
an utterly irrational quantity, crops up in almost every integral, 
mere decimal subdivision of the units counts for very little. But 
in some departments of science, as, for example, chemistry, a 
simple relation between the unit of length (which determines 
volume), the unit of mass, and the unit of specific gravity, is of 
prime importance ; and wherever that is the case the metric 
system will be used. To engineers such relations are of small 
moment, and consequently among English-speaking engineers 
the metric system is making no progress, while, on the other 
hand, the chemists have eagerly adopted it. As the English yard 
and pound are the direct descendants of the Chaldean-Babylonian 
natural cubit and mina, it is not surprising that the yard should be 
only 0*48 of an inch shorter than the double cubit, and the avoir¬ 
dupois pound only 665 grains lighter than the Babylonian com¬ 
mercial mina ; but, considering the origin of the metric system, 
it is rather curious that the metre is only 1 ’97 inches shorter than 
the Chaldean double royal cubit, and the kilogramme only 102 
grains heavier than the Babylonian royal mina. Thus, without 
much exaggeration, we may regard the present English and 
French fundamental units of length and mass as rep resell ting 
respectively the commercial and royal units of length and mass 
of the Chaldeans of 4000 years ago. 

Science tells us that the energy of the solar system is being 
slowly dissipated in the form of radiant heat; that ultimately 
the sun will grow dim ; life will die out on the planets ; one by 
one they will tumble into the expiring sun ; and at last darkness 
and the bitter cold of the absolute zero will reign over all. In 
that far-distant future imagine some wandering human spirit to 
have penetrated to a part of space immeasurably beyond the 
range of our most powerful telescopes, and there, upon an orb 
where the mechanical arts flonrish as they do here, let him be 
asked to reproduce the standards of length, mass, and time, with 
which we are now familiar. In the presence of such a demand 
the science of the seventeenth and eighteenth centuries would be 
powerless. The spin of the earth which measures our days and 
nights would be irretrievably gone ; our yards, our metres, our 
pounds, our kilogrammes would have tumbled with the earth 
into the ruins of the sun, and become part of the debris of the 
solar system. Could they be recovered from the dead past and 
live again ? The science of all previous ages mournfully answers, 
No ; but with the science of the nineteenth century it is other¬ 
wise. The spectroscope has taught us that throughout the 
visible universe the constitution of matter is the same. Every¬ 
where the rhythmic motions of the atoms are absolutely identical, 
and to them, and the light which they emit, our wandering spirit 
would turn for the recovery of the long-lost standards. By means 
of a diffraction grating and an accurate goniometer he could 
recover the yard from the wave-length of sodium light with an 
error not exceeding one or two thousandths of an inch. Water 
is everywhere, and with his newly recovered yard he could 
measure a cubic foot of it, and thus recover the standard of 
mass which we call a pound. The recovery of our standard of 
time would be more difficult ; but even that could be accom¬ 
plished with an error not exceeding half a minute in a day. One 
way would be to perform Michelson’s modification of Foucault’s 
experiment for determining the velocity of light. Another way 
would be to make a Siemens’s mercury unit of electrical resist¬ 
ance, and then, either by the British Association method, or by 
Lord Rayleigh’s modification of Lorenz’s method, find the 
velocity which measures its resistance in absolute units. Still 
another way would be to find the ratio of the electro-static and 
electro-magnetic units of electricity. Thus all the units now 
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used in transacting the world’s business could be made to re¬ 
appear, if not with scientific, at least with commercial accuracy, 
on the other side of an abyss of time and space befjre which the 
human mind shrinks back in dismay. The science of the 
eighteenth century sought to render itself immortal by basing its 
standard units upon the solid earth; but the science of the 
nineteenth century soars far beyond the solar system, and con¬ 
nects its units with the ultimate atoms which constitute the 
universe itself. 


SCIENTIFIC SERIALS. 

The. American Meteorological Journal for July contains an 
ar.icle by Prof. H. A. Hazen on storms and a central ascending 
current. The author discusses a few of the arguments for and 
against the theories of storm formation, viz. the theory of an ascen¬ 
sional current in the centre of a storm, and that of the increase of 
energy, through the liberation of latent heat and consequent pro¬ 
duction of a partial vacuum. Some of the conclusions arrived 
at are that the theories are exceedingly unsubstantial, and 
that, above all things, positive information of the processes 
going on in upper air strata is necessary ; that the dependence 
of the generation of storms on temperature distribution in a 
vertical direction appears open to doubt ; and that, reasoning 
from the behaviour of thunderstorms, it seems possible that 
some electrical action, not thoroughly understood, supplies the 
force which keeps up their energy.—Mr. A. L. Rotch contri¬ 
butes an article on the organization of the Meteorological Service 
in Holland. The Institute at Utrecht existed as a private estab¬ 
lishment as early as 1849, and its Director, Dr. Buys Ballot, first 
stated publicly in 1857 the relation between wind and atmo¬ 
spheric pressure in the law which bears his name. Dr. Buys 
Ballot has for many years endeavoured to combine trustworthy 
observations all over the world with each other, and has pub¬ 
lished, in his “Year-book,” detailed observations for various 
distant parts. Branch offices are established at Amsterdam and 
Rotterdam, and the collection of observations made at sea is 
actively carried on. At present the work bears upon the South 
Atlantic in connection with the Deutsche Seewarte, and, inde¬ 
pendently, upon the Indian Ocean.—Prof. C. F. Marvin con¬ 
tinues the discussion between himself and Prof. Hazen as to the 
cause of differences obtained in anemometer experiments. Prof. 
Hazen attributes them to the influenje of the natural wind 
blowing at the time, while Prof. Marvin thinks this of little im¬ 
portance and calculates its effect by a formula. He thinks that 
the momentum theory of the cups explains the discrepancies in 
a satisfactory manner.—Lieut. J. P. Finley contributes tornado 
statistics for the State of Iowa for fifty-two years ending 1888. 


SOCIETIES AND ACADEMIES . 

London. 

Entomological Society, August 7.—The Right Hon. Lord 
Walsingham, F. R.S., President, in the chair.—Prof. C. V. 
Riley, of Washington, was elected an Honorary Fellow in place 
of the late Dr. Signoret, of Paris.—Mr. Walter F. Blandford 
exhibited a specimen of Cardiophorus cinercus , taken at Tenby, 
and remarked that the species had rarely, if ever previously, 
been found in the United Kingdom. Mr. C. O. Waterhouse 
said he believed that there was a specimen in the collection of 
his late father, and also another specimen in the collection of 
ihe Britidi Museum.—Mr. Waterhouse stated that the British 
Museum had just received from the Rev. A. El win, of Hang¬ 
chow, China, a luminous larva about inch long, and 3^ lines 
broad, which he believed to be one of the Lamp)'rides .— 
Lord Walsingham exhibited specimens of Conchy Us deg ^ey ana, 
McLach., bred from seed-heads of Plan! ago lanceolata at Merton, 
Norfolk ; also a specimen of Tineidce allied to the genus 
Solcnobia , probably belonging to Dissodena, Staud., but differ¬ 
ing somewhat in the structure of the antennae. He said that the 
specimen was taken by himself at Merton on July 31 last, 
and that the species was apparently undescribed.—Herr Meyer 
Darcis exhibited a collection of Coleoptera, comprising speci¬ 
mens of a species of Loethrus from Turkestan ; Jtilodis globi- 
thorax , Stev., from the Caucasus ; a new species of Jtilodis from 
Kurdistan ; Cardiaspis Mouhotii, Saunders, from Sikkim ; 
Carabus smaragdinus , Fisch., from Siberia ; Jtilodis amp Hat a. 
Mars., from Aintab, Asia Minor; and Jtilodis luteogramma, 
Mars.,-from Syria, and a variety of the same from Kurdistan. 
—Mr. H. Goss read extracts from letters from Mr. R. W. 
Fe.eday, of New Zealand, and Sir John Hall, K.C.M.G., 


relating to a number of Lepidoptera recently collected at sea, 
about half-way between the River Plate and Rio, at a distance of 
over 250 miles from land, in about 30° S. lat. and 46° W. longi¬ 
tude. It was stated that the ship was surrounded by swarms 
of moths. Mr. J. J. Walker, R.N., observed that he had seen 
large numbers of insects at sea about 150 miles off the coast of 
Brazil, and he referred to otbe records of the capture of insects 
at sea in Darwin’s “ Voyage of the Beag’e and Dr. Carpenter’s 
“ Cruise of the Alert! The discussion was continued by Dr. 
Sharp, Lord Walsingham, Mr. White, and Mr. Kirby.—Mr. E. 
Meyrick read a paper entitled “ On some Lepidoptera from New 
Guinea,” and exhibited the species described in the paper. He 
stated that the specimens were derived from two sources, viz. 
(1) a portion of the collect!jn received by the Society from 
Baron Ferdinand von Muller, F.R.S., and collected by Mr. 
Sayer when accompanying the Australian Geographical Society’s 
Exploring Expedition ; and (2) a number of specimens collected 
by Mr. Kowald near Port Moresby.—Mr. Blandford read a letter 
from Mr. Wrought on, of Poona, asking for assistance in work¬ 
ing out certain Indian Hymenoptera and Diptera in the collec¬ 
tions of the Bombay Natural History Society. Lord Walsingham, 
Colonel Swinhoe, and Mr. Moore made some remarks on the 
subject. 

Paris. 

Academy of Sciences, July 29.—M. Des Cloizeaux, 
President, in the chair.—On a means of studying the natural 
history of the river-eel after its migration from fresh to salt water, 
by M. Emile Blanchard. It was shown by the author many 
years ago that, during its sojourn in fresh-water lakes and rivers, 
the eel remains in an immature state, incapable of reproduction. 
With a view to completing its life-history, he now suggests that, 
large numbers should be taken on their way seawards, labelled 
with a little metallic plate, and then returned to the water, in 
the hope that a few so marked may afterwards be captured at 
intervals in the sea, and thus enable zoologists to follow their 
complete evolution. To give effect to this project, he seeks the 
co-operation both of Government and naturalists.—On the 
variations of latitude in the solar spots, by M. R. Wolf. At¬ 
tention is directed to pp. 84-91 of No. 73 of the Aslronomi sc he 
Miltheilungen , where the author infers, from his studies of solar 
physics, that the abrupt change of latitude noticed at the epoch 
of the minimum does not depend exclusively on the period of 
ill years, but also on the longer period of 66|- to 88^ years. 
This longer period determines the altitude of the maxima, 
so that the extent of the change in latitu le and the altitude 
of the ensuing maximum increase or diminish simultaneously. 
Hence the change of latitude recorded by Spoerer for the 
second half of the seventeenth century would not appear 
to have been anomalous, but merely tie result of the low 
maxima reached at that time. — On- the transmission of 
power by alternate currents, by M. Maurice Leblanc. But 
for the difficulties caused by the phenomena of self-induc¬ 
tion, alternate currents might be advantageously employed for 
transmitting power, as they may easily receive the highest ten¬ 
sions, while they do not alter the insula'ors, as is the case with 
continuous currents. The author here describes an apparatus 
by means of which he hopes that the.-e difficulties may be ob¬ 
viated.—On the conductibility of electrolytes at very high tem¬ 
peratures, by M. Lucien Poincare. The methods employed by 
MM. Bouty and Poincare in their expeii nents on the electric 
conductivity of salts in solution cannot be directly applied beyond 
the melting-point of glass. But, by various dispositions here 
detailed, M. Poincare has been enabled to obtain measurements to 
within about one-fiftieth of ab olute aecuiacy. — On a new 7 method! 
of volumetric analysis for silver, mercury, and thallium, by M. 
Adolphe Carnot. Chemists possess excellent processes for the 
volumetric analysis of silver, but very defective ones, for that of 
mercury. M. Carnot here descri ;es a new method, based on 
the use of potassium iodide, which is about equally applicable to- 
both of these metals, as well as to thallium. — Researches on the 
sulphites, by M. P. J. Hartog. Fe pite the difficulty of its pre¬ 
paration, th author has succeeded in obtaining an anhydrous 
and crystallized sulphite of potassa in large quantities. By the 
same process, which is described in detail, he has als> prepared 
the sulphite of soda in the same form, but not in a pure state, 
and the double normal sulphite of potassium and soda. The 
preparation of other sulphites will be described in a future com¬ 
munication.—Synthesis of some selenium compounds in the aro¬ 
matic series, by M. C. Chabrie. The syntheses here undertaken 
are those in which the metalloid is united directly with the car- 
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